The roots and stolons of some Glycyrrhiza species are used worldwide for traditional folk medicines and commercial pharmaceuticals. Phenolic constituents such as flavonoids and coumarins are medicinal and vary according to species. Therefore, species identification is important for quality analysis. In order to identify Glycyrrhiza species by chemical fingerprinting, methanol extracts of the root bark of Glycyrrhiza uralensis Fischer and G. glabra Linné were analyzed using EI-MS. Differences in kinds and quantity of components are reflected in complex EI-MS data and determining characteristic peaks for each species is straightforward. The characteristic peaks were determined statistically by volcano plot, a multivariate analysis method. EI-MS data of G. uralensis and G. glabra showed differential patterns, and the notable peaks in each pattern were identified. Peaks at m/z 153 and 221 are signature peaks of G. uralensis, and at m/z 173, 309, and 324 are those of G. glabra. In conclusion, we found species-specific patterns by EI-MS that distinguish G. uralensis and G. glabra. This method based on chemical constituent patterns can be applied to identify other Glycyrrhiza species and similar natural products.
Natural products such as medicinal plants, herbs, and crude drugs vary greatly in quality and composition due to their origin, place of production, and seasonal variation. Therefore, quality control is needed for each natural product.
Multivariate analysis has been applied to natural products. Metabolic profiling of plant extracts provides information about their chemical composition [2] . Many examples of general metabolic profiling have been developed. In general, LC-MS, GC-MS, and NMR are methods used for such analyses.
As part of a series of metabolomics studies, we have reported application of mixture analysis to crude materials from natural products [1a-d]. One of these applications is identification of Glycyrrhiza species [1a, d].
The roots and stolons of some Glycyrrhiza species are used worldwide in traditional folk medicines and commercial pharmaceuticals. Phenolic constituents such as flavonoids and coumarins are medicinal and vary according to species [3] . These medicinal properties include antimicrobial, anti-inflammatory, and antispasmodic activity [4] [5] [6] [7] . Therefore, species identification by constituent pattern has potential for quality analysis.
In a previous study, the bark of the roots and stolons of G. uralensis Fischer and G. glabra Linné were analyzed using DART (Direct Analysis in Real Time)-MS. The characteristic peaks of each species were determined statistically by volcano plot. DART-MS provides [M+H] + cation adducts in positive mode, resulting in fewer cleavage reactions. The goal of this study was to demonstrate another methodology for chemical fingerprinting of Glycyrrhiza species using electron ionization mass spectrometry (EI-MS). EI-MS is a popular mass spectrometric method that has been applied to discrimination of flavonoids, saponin aglycones, and others. As it provides many fragment peaks in addition to molecular ion peaks, spectral data become complex. The root bark of G. uralensis and G. glabra contains many compounds. The difference of kinds and quantity of these components are reflected in complex EI-MS data, making it straightforward to determine characteristic peaks of each species with high reproducibility. Once a spectral pattern model is constructed for each species, the chemical fingerprint can be widely shared.
Three kinds of G. uralensis (from China, Russia, and Mongolia) and two kinds of G. glabra (from Kazakhstan and Uzbekistan) were examined. A methanol extract of the root bark of each Glycyrrhiza sample was prepared. Each extract was dissolved in dimethyl sulfoxide (DMSO) at a concentration of 5 mg/mL, and then subjected to EI-MS analysis. Each extract was measured in triplicate.
In the range of m/z 50-494, the characteristic peaks of each species were determined statistically by volcano plot. The spectral data when ion contents were at a maximum in total ion chromatography was used for statistical analysis. Figure 1 shows spectral data for a representative sample of each species. The other samples displayed very similar patterns. Each spectrum is shown in Supplementary data S1-S15. The spectral data for each species were dissimilar, and notable peaks of each pattern were identified. The highest abundance peak was used as standard, and the intensities of the other peaks were calculated relative to the A volcano plot of the EI-MS data of the Glycyrrhiza species is shown in Figure 2 . Peaks landing in the upper left region and the upper right region have a small p-value with a large absolute difference. In this case, peaks that had p values < 0.05 in the t-test and absolute differences of ≥ 4 were especially notable.
The volcano plot showed that peaks for m/z 153 and 221 are signature peaks of G. uralensis, and m/z 173, 309 and 324 are those of G. glabra. The two Glycyrrhiza species can be distinguished using these peaks in the EI-MS data (Figure3) .
Moreover, the relative intensities of the above particular peaks of the EI-MS data of the other root barks of G. uralesis and G. glabra, when applied to the constructed model, verified the process and corresponded with the preliminary identification ( Figure 4 ).
Both species contain specific compounds, for example glycycoumarin for G. uralensis and glabridin for G. glabra [3] . The issue of identification of compounds generating species specific peaks is not irrelevant, but an important point is that the relative intensity of particular peaks in the EI-MS data led to the discrimination of the two species without identification of any index compounds.
In the same way, the search for potential markers using EI-MS data with multivariate analysis is very useful for quality evaluation of In conclusion, we found species-specific patterns that distinguish G. uralensis and G. glabra by EI-MS. This method, based on chemical constituent patterns, can be applied to other Glycyrrhiza species and other morphologically similar natural products. 
Experimental

Species identification by HPLC:
All samples were identified by HPLC analysis under similar conditions as those described by Shibano et al. [9] . A 5C18-AR-II (i.d. 4.6 х 150 mm, Nacalai Tesque Inc.) column was used. HPLC analysis was carried out on D-7000 type software; column oven: L-7300, Diode Array Detector; L-7450H, pump; L-7100 (HITACHI). The presence of species-specific substances was confirmed: glycycoumarin for G. uralensis and glabridin for G. glabra [3] .
Preparation of Glycyrrhiza extracts for EI-MS analysis:
Each root bark specimen of 1 g Glycyrrhiza was extracted with 30 mL methanol for 1 h under reflux. The methanolic extract was evaporated under vacuum. After evaporation, DMSO was added to a final residue concentration of 5 mg/mL. One µL of each sample was analyzed using EI-MS.
Chemicals: All chemicals were analytical reagent grade. Glabridin was purchased from Wako Pure Chemical Industries Ltd. (Osaka, Japan), and glycycoumarin was kindly provided by Dr Makio Shibano (Osaka University of Pharmaceutical Science, Japan).
EI mass spectrometry:
All experiments were performed using a JMS-GCmate II (JEOL). Accelerating Volts, 2500 V; Mass Scan (Scan Range), m/z 50-494; Scan Speed, 0.3 sec/scan; Ion source, 70 eV.
